UNCLASSIFIED 


AD  NUMBER 

ADB218946 

NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  only;  Proprietary  Info.;  Sep  96. 
Other  requests  shall  be  referred  to 
Commander,  US  Army  Medical  Research  and 
Materiel  Command,  Attn:  MCMR-RMI-S,  Ft. 
Detrick,  Frederick,  MD  21702-5012. 

AUTHORITY 

P.  M.  Rinehart  Deputy  Chief  of  Staff  for 
Info.  Mgmt,  Army  Medical  Research  and 
Materiel  Cmd,  MCMR-RMI-S,  Ft.  Detrick,  MD 


THIS  PAGE  IS  UNCLASSIFIED 


GRANT  NUMBER  DAMD17-94 - J-4059 


TITLE:  Endogenous  Retroviruses  and  Breast  Carcinoma  Development 

PRINCIPAL  INVESTIGATOR:  Chin  Howe,  Ph.D. 


CONTRACTING  ORGANIZATION:  The  Wistar  Institute 

Philadelphia,  PA  19104 

REPORT  DATE:  September  1996 


TYPE  OF  REPORT:  Final 


PREPARED  FOR :  Commander 

U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Frederick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Distribution  authorized  to  U.S. 
Government  agencies  only  (proprietary  information,  Sep  96) . 

Other  requests  for  this  document  shall  be  referred  to  Commander, 
U.S.  Army  Medical  Research  and  Materiel  Command,  ATTN: 

MCMR-RMI -S ,  Fort  Detrick,  Frederick,  MD  21702-5012. 


The  views,  opinions  and/or  findings  contained  in  this  report  are 
those  of  the  author (s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy  or  decision  unless  so 
designated  by  other  documentation. 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this 
collection  of  information,  including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson 
Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503. 


1.  AGENCY  USE  ONLY  (Leave  blank) 


2.  REPORT  DATE  3.  REPORT  TYPE  AND  DATES  COVERED 

September  1996  Final  (1  Sep  94  -  31  Aug  96) 


4.  TITLE  AND  SUBTITLE  Endogenous  Retroviruses  and  Breast  5.  FUNDING  NUMBERS 

Carcinoma  Development  DAMD17-94- J-4059 


6.  AUTHOR(S) 

Chin  Howe,  Ph.D. 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

The  Wistar  Institute 


Philadelphia,  PA  19104 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESSjES) 

U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick 

Frederick,  Maryland  21702-5012 


10.  SPONSORING/MONITORING 
AGENCY  REPORT  NUMBER 


11.  SUPPLEMENTARY  NOTES 


19970113  051 


12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Distribution  authorized  to  U.S.  Government  agencies  only; 
proprietary  information,  Sep  96.  Other  requests  for  this 
document  shall  be  referred  to  Commander,  U.S.  Army 
Medical  Research  and  Materiel  Command,  ATTN:  MCMR-RMI-S, 
Fort  Detrick,  Frederick,  MD  21702-5012 


13.  ABSTRACT  (Maximum  200 


12b.  DISTRIBUTION  CODE 


Human  endogenous  retroviruses  (HERVs)  have  been  implicated  in  the  etiology  of  neoplasia 
including  breast  cancer.  Like  other  transposable  elements,  their  intracellular  transposition  may  play  an 
important  role  in  DNA  mutagenesis  and  carcinogenesis.  To  gain  insight  into  the  role  of  HERV  in 
carcinogenesis,  we  have  examined  the  mechanism  of  expression  of  a  HERV  family,  HERV-K,  in 
T47D  breast  tumor  cell  line  as  active  expression  is  a  prerequisite  step  in  transposition-mediated 
mutagenesis  by  HERV.  We  show  that  HERV-K  expression  is  enhanced  by  steroid  hormones  and  that 
an  unique  set  of  HERV-K  elements  containing  progesterone  response  element  (PRE)  is  selectively 
activated  by  the  hormones.  We  further  showed  that  the  PRE  in  the  viral  promoter  is  an  effective 
enhancer  element  and  the  ER  and  progesterone  receptor  (PR)  in  T47D  cells  are  effective  transcription 
activators.  The  reesults  suggest  that  these  parameters  are  responsible  for  the  homone-responsive 
HERV-K  expression.  Prognosis  of  breast  cancers  is  associated  with  their  ability  to  respond  to 
hormone  treatment.  Thus,  hormone-specific  HERV-K  expression  may  be  a  useful  prognostic  marker 
for  the  progression  of  tumors  to  a  hormone-resistant  aggressive  state. 


14.  SUBJECT  TERMS  Breast  Cancer 


15.  NUMBER  OF  PAGES 

18 


16.  PRICE  CODE 


17.  SECURITY  CLASSIFICATION  18.  SECURITY  CLASSIFICATION  19.  SECURITY  CLASSIFICATION  20.  LIMITATION  OF  ABSTRAC 
OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT 


Unclassified 


NSN  7540-01-280-5500 


Unclassified 


Unclassified 


limited 


Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  Z39-18 
298-102 


FOKEWOBD 


Opinions,  interpretations  ,  canclnsians  and  recommendations  are 
those  af  the  author  and  are  not  necessarily  endorsed  by  the  US 
AzcjSry*  • 


Where  copyrighted  material  is  quoted  #  permission  has  been 
obtained  to  use  such  material. 

Where  matari *  1  from  documents  designated  for  limited 
distribution  is  quoted,  permission  has  been  obtained  to  use  the 
material. 

r-\  nn?;  of  mminprri  a  7  organizations  and  trade*  names  in 
t-hi  <=;  report  do  not  constitute  an  official  Department  of  Army 
endorsement  or  approval  of  the  products  or  services  of  these 
organizations  . 

In  conducting  research,  using  animals,  the  investigator  (s) 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory 
Animals prepared  by  the  Committee  on  Care  and  Use  of  Laboratory 
*TVTTTTalg  of  the  Institute  of  Lahnratury  Hesaurces,  national 
poetparrh  Council  (NTH  Publication  Ho-  S6—23,  Eevised  1SS5;  . 

Ear  the  protection  of  human  subjects,  the  investigator  (s) 
3nhpi-p^  to  policies  of  applicable  Federal  Law  45  CFR  46. 

|  In  conducting  research  utilizing  recombinant  DNA  technology, 
the  investigator (s)  adhered  to  current  guidelines  prnmulgatsd  by 
fhp  National  Institutes  of  Health. 

fy eff  in  the  conduct  of  research  utilizing  recombinant  DNA,  the 
investigator  ( s  \  adhered  to  the  HXH  Guidelines  for  Eesearch 
Involving  Hecmabd nant  DNA  Molecules . 

In  the  conduct  of  research,  involving  hazardous  organisms , 

"  the” investigator <s)  adhered  tn  the  CD C— HIE  Guide  fnr  Biosafety  in 
Microbiological  and  Biomedical  Laboratories. 


PI  -  Signature  Date 


HOWE,  Chin  C. 


DAMD 17-94-J-4059 


ENDOGENOUS  RETROVIRUSES  AND  BREAST  CARCINOMA  DEVELOPMENT 

Table  of  Contents 

Introduction . 1 

Body  of  Work . 2 

Conclusions . 3 

References . 4 

Figures . 7 

List  of  Personnel . 14 


HOWE,  Chin  C. 

INTRODUCTION 


DAMD17-94-J-4059 


Endogenous  retroviruses  have  been  reported  in  many  animal  tumors  including  human  neoplasia  and 
thus  implicated  in  the  etiology  of  neoplasia  (1-5).  The  murine  intracistemal  A-particle  (IAP)  pro  viral 
sequence,  reiterated  2000  times  and  dispersed  throughout  the  genome,  is  of  particular  interest  because  of 
recent  indication  that  its  expression  is  associated  with  breast  cancer.  IAPs  are  rarely  found  in  normal  adult 
cells,  but  they  are  expressed  in  many  different  types  of  tumors  and  leukemias  (4-6).  In  murine  mammary 
carcinomas,  the  IAP  gene  is  expressed  in  hyperplastic  alveolar  nodules  induced  by  hormonal,  chemical,  or 
viral  stimuli  and  in  primary  adenocarcinomas  arising  from  the  nodules  (4,6). 

The  most  intriguing  features  of  the  provirus-like  components  is  their  potential  to  act  as  insertional 
mutagenes  of  DNA  via  integration  of  actively  synthesizing  extrachromosomal  viral  DNA  to  new  sites  in  the 
host  genome.  Such  transpositions  induce  aberrant  expression  of  target  genes  such  as  oncogenes  and  genes 
encoding  growth  factors,  growth-factor  receptors,  cytokines  and  cytokine  receptors.  Some  of  these 
alterations  result  in  augmented  growth  autonomy  of  the  host  cell,  contributing  to  neoplastic  transformation 
(4,7-11). 


Human  endogeous  retroviruses  (HERV)  have  also  been  implicated  in  the  etiology  of  neoplastic 
diseases.  They  have  been  found  in  milk  samples  from  women  with  a  family  history  of  breast  carcinomas 
(12),  in  breast  tumors  and  breast  carcinoma  cell  lines  (13-16),  in  monocytes/macrophages  residing  within 
breast  carcinomas  (17),  in  teratocarcinoma  cell  lines  (18-20),  in  leukemic  cells  (21),  and  in  lung  squamous 
cell  carcinomas  (22).  One  of  the  HERV  family,  HERV-K,  is  most  pertinent  to  this  report  because  of  its 
elevated  expression  in  human  breast  tumors.  HERV-K  has  been  cloned  and  shown  to  contain  a  tRNA 
(lysine)  binding  site,  thus  referred  to  as  HERV-K,  for  reverse  transcription  during  the  first  step  of  viral 
genome  replication.  HERV-K  elements  also  contain  a  pol  region  closely  related  to  type  A  (IAP  of  rodent), 
type  D  and  type  B  (mouse  mammary  tumor  virus)  retroviruses  (23).  In  humans,  approximately  100  copies 
of  the  HERV-K  sequence  and  more  than  two  thousand  copies  of  its  long-terminal  repeat  (LTR)  are 
scattered  throughout  the  genome  (24,25).  Expression  of  HERV-K  has  been  observed  in  the  placenta,  lung 
and  kidney,  in  lymphocytes  and  leukemic  cells,  in  teratocarcinoma  cells,  and  most  important  to  this  study, 
in  breast  carcinoma  cell  lines  (13,15,18,19,21,26).  In  a  human  breast  carcinoma  cell  line  T47D,  HERV-K 
transcripts  and  its  envelope  proteins  were  detected  by  Northern  analysis  and  by  a  monoclonal  antibody  to 
HERV-K  recombinant  envelope  proteins,  respectively  (13,15). 

Prognosis  of  human  breast  cancers  is  associated  with  their  ability  to  respond  to  hormone  treatment. 
Those  responding  to  estrogen  analog  Tamoxifen  treatment  have  a  lower  risk  of  relapse  and  better  overall 
survival  rate  (27,28).  From  the  study  of  human  breast  tumors  and  breast  cancer  cell  T47D  sublines  which 
differ  in  ER  expression  and  responsiveness  to  estrogen,  it  was  shown  that  the  loss  of  responsiveness  to 
estrogen  is  due  to  mutated  er  with  deletion,  insertion,  substitution  and  point  mutation.  Some  of  the  inserts 
are  related  to  the  sequences  of  LINE  or  Alu  (27,29).  Both  sequences  are  known  to  transpose  to  new  sites 
in  the  host  genome  to  affect  expression  of  neighboring  genes  (30,31).  In  the  present  study,  we  have 
investigated  the  mechanism  by  which  HERV-K  expression  is  induced  by  steroid  hormones  to  help  assess 
the  usefulness  of  the  HERV-K  expression  as  a  prognostic  marker  for  the  progression  of  breast  tumors  to  a 
hormone-unresponsive,  aggressive  state.  We  show  that  in  T47D  cells,  HERV-K  expression  is  enhanced 
by  steroid  hormone  treatment,  estrogen  followed  by  progesterone,  and  that  the  hormones  activate  an  unique 
set  of  HERV-K  elements  having  the  progesterone  response  element  (PRE)  in  the  viral  promoter.  We  also 
show  that  the  PRE  in  the  HERV-K  promoter  is  an  effective  transcription  enhancer  element  and  the  ER  and 
PR  in  T47  D  cells  are  effective  transcription  activators. 


1 


HOWE,  Chin  C. 


DAMD17-94-J-4059 


BODY  OF  WORK 

1.  HERV-K  is  expressed  in  breast  tumor  cell  lines. 

We  used  RT-PCR  to  explore  expression  of  HERV-K.  Cells  were  cultured  in  DMEM-10%  fetal 
bovine  serum  (FBS)  and  RNA  isolated  by  guanidium  thiocyanate  procedure  (32).  One  fig  of  total  RNA 
was  reverse  transcribed  with  reverse  transcriptase  using  oligo-dT  as  primer.  One  fiftieth  of  the  resulting 
cDNA  was  then  PCR  amplified  using  a  primer  pair  located  within  the  U3  region  of  the  HERV-K  LTR  to 
give  a  29 1  bp  product.  A  primer  pair  for  the  housekeeping  gene  elongation  factor  2  (EF-2)  which  encodes 
a  protein  involved  in  elongation  of  peptide  chain  was  also  used  to  yield  a  242  bp  product  to  determine  the 
amount  of  RNA  used  in  each  RT-PCR.  We  showed  that  HERV-K  expression  was  upregulated  in  breast 
tumor  cell  lines  T47D,  BT20,  and  MCF-7,  as  compared  to  primary  cultures  of  keratinocytes  derived  from 
human  foreskin  (Fig.  1). 

Competitive  PCR  (33)  was  then  employed  to  quantify  the  levels  of  HERV-K  expression  in  breast 
tumor  cell  lines  in  comparison  to  other  tumors  (Fig.  2A).  One-fiftieth  of  the  reverse  transcribed  cDNA 
derived  from  1  fig  of  total  RNA  as  described  above  was  coamplified  with  a  dilution  series  of  a  linearized 
competitive  template  of  known  concentration.  The  competitor  DNA  has  the  same  DNA  sequence  as  the 
cDNA  but  is  distinguished  from  the  cDNA  by  a  50  bp  deletion.  Thus,  the  cDNA  and  the  competitor  DNA 
can  be  coamplified  in  the  same  microfuge  tube  with  die  same  primer  pair  under  identical  PCR  conditions, 
obviating  variables  that  influence  PCR  amplification  and  allowing  accurate  quantification  of  specific  mRNA 
species.  We  showed  that  HERV-K  expression  in  tumor  cells  including  breast  cancer  cells  was  at  least  6 
times  greater  than  that  in  normal  keratinocytes.  The  expression  in  two  breast  tumor  cell  lines,  BT-20  and 
MCF-7,  was  as  high  as  the  HeLa  epitheloid  carcinoma  cells  and  the  WM164  metastatic  melanoma  cells. 
However,  expression  in  T47D  breast  tumor  cell  line  was  much  greater  than  in  HeLa  and  WM164. 

Since  prognosis  of  breast  tumors  correlates  with  steroid  hormone  responsiveness,  and  since 
HERV-K  expression  was  shown  to  respond  to  hormone  treatment  (13,15,27,28),  we  quantified  its 
expression  by  competitive  PCR  in  breast  tumor  cell  cultures  treated  with  or  without  estrogen  and 
progesterone  (Fig.  2B).  The  expression  in  the  three  cell  lines  responded  differently  to  hormone  treatment. 
The  expression  in  BT-20  cells  showed  prominent  enhancement  in  response  to  hormone  treatment  while 
enhancement  in  T47D  cells  was  moderate.  Expression  in  MCF-7  cells  on  the  other  hand  did  not  respond  to 
hormone  treatment.  Thus,  the  extent  of  expression  enhancement  is  cell  type-specific. 

2.  Upregulation  of  a  selective  set  of  HERV-K  10  elements  by  steroid  hormones. 

In  murine  IAP  family,  active  IAP  expressions  in  plasmacytomas  and  normal  lymphocytes  are  due  to 
two  distinct  sets  of  endogenous  proviral  elements  (34,35).  We  thus  determined  whether  induction  of 
expression  by  steroid  hormones  resulted  from  activation  of  a  discrete  set  of  HERV-K  elements.  We  cloned 
RT-PCR  products  derived  from  RNA  isolated  from  T47D  cells  cultured  in  the  absence  or  presence  of 
steroid  hormones.  Analysis  of  cDNA  sequences  (Fig.  3)  showed  that  the  U3  regions  of  cDNAs  expressed 
in  hormone  treated  or  untreated  cells  are  highly  related  in  sequence,  with  greater  than  90%  homology. 
However,  the  six  clones  derived  from  hormone  stimulated  cells  have  greater  homology  among  themselves 
than  the  six  clones  derived  from  unstimulated  cells.  In  addition,  the  six  clones  derived  from  hormone 
stimulated  cells  all  contained  in  their  U3  region  a  TGTTCT  sequence,  a  half  site  for  the  consensus  PRE 
(36),  while  only  three  out  of  the  six  clones  from  unstimulated  cells  had  this  sequence.  Two  other  cDNAs 
had  TGTTAT  and  one  cDNA  had  TGTTTT.  Thus,  steroid  hormones  induce  expression  of  a  selective  set 
of  HERV-K  elements  containing  TGTTCT,  suggesting  that  the  TGTTCT  sequence  is  an  effective  PRE. 

3.  The  TGTTCT  sequence  in  the  HERV-K  promoter  is  an  effective  PRE. 

To  determine  the  putative  PRE  activity  of  the  TGTTCT  motif,  an  olignucleotide  PRE(TGTTCT) 
containing  a  TGTTCT  sequence  and  its  flanking  sequences  (see  the  legend  to  Fig.  4  for  sequence)  and,  as  a 
control,  PRE(TGTTAT)  were  synthesized  and  cloned  upstream  of  the  herpes  simplex  virus  thymidine 
kinase  (TK)  promoter  in  pBLCAT2,  a  chloramphenical  acetyltransferase  (CAT)  expression  vector  (37). 
These  reporter  genes,  PRE/TKCAT  containing  TGTTCT  and  PRE/TKCAT  containing  TGTTAT,  were 
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cotransfected  with  a  human  PR  expression  plasmid  (pRSV-hPRB,  a  gift  from  Dr.  B.  O'Malley,  Baylor 
College  of  Medicine)  into  HeLa  cells  treated  with  or  without  progesterone.  Analysis  of  the  resulting  CAT 
activity  revealed  that  the  TGTTCT  containing  reporter  gene  responded  well  to  progesterone  but  the 
TGTTAT  containing  reporter  gene  did  not  (Fig.  4).  The  results  indicate  that  the  TGTTCT  motif  is  an 
effective  PRE  but  the  TGTTAT  sequence  is  not. 

4.  The  ER  and  PR  in  T47D  cells  are  effective  transactivators. 

The  fact  that  HERV-K  expression  in  T47D  cells  responded  to  hormones  (Fig.  2)  indicated  that  the 
PR  was  effectively  induced  by  estrogen  acting  through  ERs  (38,39)  and  was  an  effective  enhancer.  To 
substantiate  this  conclusion,  we  used  transient  transfection  assays  to  investigate  the  ER  and  PR  in  T47D 
cells.  We  first  examined  whether  these  cells  contain  constitutively  expressed  PRs  as  previously  reported 
(40).  The  PRE/TKCAT  containing  TGTTCT  reporter  gene,  from  here  on  referred  to  as  PRE/TKCAT,  was 
transfected  into  T47D  cells  treated  with  or  without  progesterone.  The  progesterone  induced  active 
expression  of  the  PRE/TKCAT  reporter  gene,  indicating  the  presence  of  constitutively  expressed  PRs  (Fig. 
5A).  In  addition,  the  expression  of  the  PR  gene  was  inducible  by  estrogen  since  in  the  transfected  cells 
treated  with  estrogen  followed  by  progesterone,  the  reporter  gene  expression  was  greater  than  that  in  cells 
treated  with  progesterone  alone  (cf  Fig.  5B  with  5A).  Thus,  T47D  cells  contain  ERs  which  upon  binding 
to  estrogen  activate  expression  of  the  PR  gene  to  induce  expression  of  the  CAT  reporter  gene  through  the 
PRE.  The  results  suggest  that  the  transactivators  ER  and  PR  in  the  T47D  cells  and  the  PRE  in  the  HERV- 
K  promoter  are  responsible  for  the  hormone-responsive  HERV-K  expression. 

CONCLUSIONS 

We  showed  that  HERV-K  expression  in  T47D  cells  was  enhanced  in  response  to  hormone 
treatment  and  that  an  unique  set  of  HERV-K  elements  containing  PRE  was  selectively  activated  by  the 
hormones.  We  further  showed  that  the  PRE  in  the  viral  promoter  was  an  effective  enhancer  element  and 
the  ER  and  PR  in  T47D  cells  were  effective  transcription  activators.  Thus,  the  results  suggest  that  the 
transactivators  ER  and  PR  in  the  breast  tumor  cells  and  the  PRE  in  the  HERV-K  promoter  are  responsible 
for  the  hormone-responsive  HERV-K  expression. 

We  also  showed  that  HERV-K  expression  in  BT-20  cells  was  responsive  to  hormone  but  that  in 
MCF-7  cells  was  not.  Both  BT-20  and  MCF-7  cells  were  shown  to  contain  varying  ratios  of  wild-type  and 
truncated  ER  variant  mRNAs.  A  variant  ER  that  has  the  hormone-binding  domain  deletion  was  shown  to 
encode  a  dominant-positive  receptor  capable  of  transactivating  an  estrogen-regulated  reporter  gene  in  a 
hormone-independent  manner.  Thus  differences  in  estrogen  responsiveness  of  sublines  of  BT-20  and 
MCF-7  cells  are  related  to  the  ratios  of  wild-type  and  truncated  variant  ER  mRNAs  (41-43).  We  intend  to 
examine  the  sequences  of  the  HERV-K  proviral  elements  expressed  in  BT-20  and  MCF-7  cells  upon 
hormone  stimulation  to  determine  whether  steroid-specific  pattern  of  HERV-K  expression,  e.g.,  activation 
of  PRE  containing  elements,  is  maintained  or  additional  elements  are  activated  since  HERV-K  expression 
in  BT-20  cells  responds  to  hormone  treatment  but  that  in  MCF-7  cells  does  not.  Examination  of  the 
structure  and  function  of  the  ER  and  PR  in  BT-20  and  MCF-7  cells  should  also  reveal  the  effect  of 
hormone  receptor  mutations  on  the  hormone -resistant  aggressive  tumor  phenotype  and  HERV-K 
expression,  and  thus  the  possibility  of  HERV-K  expression  as  a  prognostic  marker  in  breast  cancer. 
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RT 
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Kerat.  BT-20  MCF-7  T47D 

i — i  i — i  r 

+  -  +  -  + 


EF-2 


Fig.  1.  HERV-K  expression  in  breast  tumor  cell  lines  by  RT-PCR.  Cells  were  cultured  in 
DMEM  containing  10%  FBS  and  total  cellular  RNA  was  isolated  and  treated  with  DNase.  One  pig  of  RNA 
from  each  cell  type  was  reverse  transcribed  with  reverse  transcriptase  (RT,  +)  using  an  oligo-dT  primer. 
Control  reactions  without  RT  (-)  were  performed  to  test  for  DNA  contamination  in  the  RNA  samples.  One- 
fiftieth  of  the  resulting  cDNA  was  PCR  amplified  using  primers  located  within  the  U3  region  of  the  HERV- 
K  LTR  designed  to  give  a  291  bp  product  or  primers  to  the  housekeeping  gene  EF-2  designed  to  yield  a 
242  bp  product.  The  latter  was  used  as  a  control  for  RNA  loading.  The  absence  of  any  detectable  RT(-)- 
PCR  product  indicates  that  DNA  contamination  in  the  RNA  sample  is  negligible.  Thus,  the  intensity  of  the 
RT-PCR  represents  the  abundance  of  the  HERV-K  mRNA  in  the  cells.  Kerat:  normal  keratinocytes.  BT- 
20,  MCF-7,  T47D:  breast  tumor  cell  lines. 
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Fig.  2.  Quantification  of  the  HERV-K  mRNA  levels  in  breast  tumor  cells  by  competitive  PCR. 
(A)  Competitive  PCR  of  breast  tumor  cells,  BT-20  (B),  MCF-7  (M),  T47D  (T);  epitheloid  carcinoma  cells, 
HeLa  (H);  metastatic  melanoma  cells,  WM164  (W);  and  normal  keratinocytes  (K)  cultured  in  DMEM-10% 
FCS.  (B)  Competitive  PCR  of  breast  tumor  cells  treated  with  (+)  or  without  (-)  steroid  hormones, 
estrogen  plus  progesterone.  Cells  were  cultured  in  a  phenol  red  free  medium  containing  3  volume  of 
DMEM,  one  volume  of  L-15  and  5%  charcoal  stripped  FBS  for  24  hr,  then  in  the  same  medium  with  or 
without  0. 1  piM  estradiol  for  24  hr  followed  by  with  or  without  1  pM  progesterone  for  24  hr.  Phenol  red 
has  estrogen-like  properties  and  FCS  contains  endogenous  steroids  which  can  be  removed  by  charcoal 
stripping.  The  HERV-K  expression  in  (A)  thus  reflects  the  stimulation  by  traces  of  steroids  in  the  culture 
medium.  One  fiftieth  of  the  reversed  transcribed  cDNA  derived  from  one  ug  of  total  cellular  RNA  was 
coamplified  with  a  dilution  series  of  a  linearized  competitive  template  using  the  LTR  primer  pairs  employed 
in  the  PCR  depicted  in  Fig.  1.  The  competitive  template  has  the  same  DNA  sequence  as  the  cDNA  but  is 
distinguished  from  the  sample  cDNA  by  a  50  bp  deletion.  Quantity  of  sample  cDNA  is  determined  by  a 
plot  of  the  ratio  of  the  intensity  of  each  competitor  band/sample  band  vs.  the  amount  of  competitive  DNA  in 
the  reaction. 
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A. 

PRE 

T 1  GCAAGAGAGATCAAATTGTTACTGTGTCTGTGTAGAAAGAAGTANACATAGGAGACTCCATTTTGTTCTGTACTAAGAAA  8  0 

T2  - 

T3  - 

T4  - 

T5  - 

T6  - 


T 1  AATTCTTCTGCCTTGAGATTCTGTTAATCTATAACCTTACCCCCAACCCCGTGCTCTCTGAAACATGTGCTGTGTCAAAC  160 


T2  - 

T3  - G - G 

T4  - 

T5  - NNCC - 

T6  - CC - 


T1  &TCACCACTCCCTAATCTCAAGTACCCAGGGACACAAAAACTGCGGAAGGCCGCAGGGACCTCTGCCTAGGAAAGCCAGG  320 

T2  - 

T3  - A - 

T4  - 

T5  - 

T6  - 


.  RA  AP2 


T1 

AAAAACTGCCTTANGGCTGGAAGTGGGACCTGCNGGCAACAATACTGCTTTGTTAAGCATTGA 

T6 

- A - 

--G - 
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B. 

PRE 

5 1  GC  AAGAGAGATCAAATTGTTACTGTGTCTGTGTAGAAAGAAGTAGAC  ATAGGAGACTCCATTTXGTTCTGTACTAAGAAA  8  0 

52  - A - G— G- 

33  - T - N - ' - T - G — 

S4  - A - C - 

35  - N - G - 

36  - T - T - G-- 

S 1  AATTCTTCTGCCTTGAGATTCTGTTAATCTATGACCTTACCCCCAACCCCGTGCTCTCTGAAACAGGTGCTGTGTCAAAC  160 

32  - T - - 

53  - c - t - - 

34  - T - T-C - - 

35  -  - - A - A - T-C - 

36  - c - T - - 

bicoid  .  .  .  API  . 

SI  TCAGGGTTAAATGGATTAAGGGTTGTGCAAGATGTGCTTTGTTAAACAAATGCTTGAAGGCAGCATGCTCCTTAAGAGTC  240 
32  A - G - CG - G - 

53  A - G - CG - G - 

54  A - CG - G - 

35  - CG - G - 

36  - A - G - •' - CG - G - 

SI  ATCACCACTCCCTAATCTCAAGTACCCAGGG-ACACAAAAACTGCGGAAGGCCGCAGGGACTTCTGCCTAGGAAAGCCAG  3  20 
32  C - 

S3  - C - 

34  - G - c - 

35  - c - 

36  - C - 

.  RA  AP2 

S 1  QTATTGTCCAAGGTTTCTCCCCATGTGATAGTCTGAAATATGGCCTCATGGGAAGGGAAAGACCTGACCGTCCCCCAGCC  400 

32  - G - G - 

S3  - G - T - - 

34  - G - T - 

35  - G - T - G 

36  - 

PEA3  .  myb 

S 1  CGACACCCGTAAAGGGTCTGTGCTGAGGAGGGATTAGTATAAGAG-GAAGGCATTCCTCTTGCAGTTGAGACAAGAGGAA  480 

32  - N--A- - A - 

S3  - A- - NA - A - A--G - 

34  - - TA--AGAA - A--G - 

35  T - A - - T-GA - AGA - A-CG-TCT - C - 

36  - A- - AG - 

AP2  .  TATA 

SI  GGCATCTGTCTCCTGCCCGTCCCTGGGCAATGGAGTGTCTCGGTATAAAACCCGATTGTACGTTCCATCTACTGAGATAG  560 

32  - 

S3  - CA - T - T-T-C - 

34  - GGGG - G - T-C - N - 

35  -  -G - T - T - 

36  - 

S 1  GAAGAAAACGCCTTAGGGCTGGAGGTGGGACATGCAGGCAGCAATACTGCTTTGTAAAGCATTGA 

32  - 

S3  A - C - C - G - 

34  a - C - C - G - 

55  — GA - C - C - G - 

36  - 
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Fig.  3.  Nucleotide  sequence  comparisons  of  the  U3  regions  of  HERV-K  cDNAs 
expressed  in  hormone-treated  (A)  or  -untreated  (B)  T47D  cells.  (A)  Cells  were  treated,  as 
described  in  the  legend  to  Fig.  2B,  with  estrogen  plus  progesterone.  (B)  cells  were 
cultured  in  DMEM  containing  10%  FBS.  Total  RJMA  was  reverse  transcribed  with  an 
oligo-dT  primer  and  a  621  bp  fragment  of  the  HERV-K  LTR  was  PCR  amplified  and 
cloned  into  pCRII  (Stratagene)  according  to  the  manufacturer's  instructions.  Clones  were 
randomly  selected  and  sequenced  by  the  DNA  Sequencing  Facility  at  The  Wistar  Institute. 
Several  variant  forms  of  PRE  are  seen  in  cDNAs  (S  series)  expressed  in  hormone-untreated 
cells,  while  only  the  TGTTCT  motif,  a  half  site  for  the  consensus  PRE,  is  detected  in 
cDNAs  (T  series)  isolated  from  hormone-treated  cells. 


11 


HOWE,  Chin  C. 


DAMD17-94-J-4059 


TKCAT 

(progesterone)  + 


TGTTCT  TGTTAT 

+  + 


30 


20 

Relative 

CAT 

Expression 

10 


0 

(progesterone)  _+ _  - _  +  + 

TKCAT  TGTTCT  TGTTAT 

PRE ( TGTTCT ) :  5 ' - TCC ATTTGTTCTGTACTAAGAAAAATT - 3 ' 

PRE( TGTTAT):  TGTTAT 

Fig.  4.  Analysis  of  the  putative  PRE  activity  of  the  TGTTCT  motif.  HeLa  cells  cultured  in 
phenol  red  free  DMEM-5%  FCS  (charcoal  stripped)  were  cotransfected  with  the  progesterone  receptor 
expression  plasmid  (pRSV-hPRB)  and  either  the  CAT  reporter  plasmid  pBLCAT2  (TKCAT),  pBLCAT2 
with  three  copies  of  PRE(TGTTCT),  or  pBLCAT2  with  three  copies  of  PRE(TGTTAT)  inserted  in  front  of 
the  TK  promoter.  pRSV-LacZ  was  also  included  in  cotransfection  to  use  as  an  internal  control  for 
transfection  efficiency.  The  cotransfected  cells  were  cultured  in  the  presence  (+)  or  absence  (-)  of  1.0  |a.M 
progesterone  for  48  hr.  Cell  extracts  were  harvested  and  CAT  activity  assayed  by  our  routine  procedures 
(44,45).  The  upper  panel  shows  the  autoradiograms  of  products  from  CAT  assays.  The  lower  panel  is  the 
histograms  of  CAT  activity  in  progesterone  treated  cells  relative  to  TKCAT  activity  set  at  1. 


12 


HOWE,  Chin  C. 


DAMD17-94-J-4059 


A. 

H 

H 

B. 

fet 

is 

< 

O 

* 

1— 

< 

/  \ 

L. 

o 

o 

fei 

<£ 

u 

* 

h- 

O 

| 

b 

sc 

17 

Reporter 

5 

O 

SC 

fee 

o 

sc 

o 

* 

*7 

HI 

CC 

O 

SC 

*7 

Ul 

cc 

■ 

E 

LU 

CE 

i 

IP" 

E 

UJ 

IE 

Reporter 

TKCAT 

TKCAT 

*7 

hi 

CC 

Q. 

sc 

*7 

ill 

CC 

a 

1 

uT 

CC 

a 

c 

E  ■ 
uf 

CC 

a. 

Prog. 

H 

t- 

a. 

a 

a 

CL 

Est./Prog. 

+/+ 

-/- 

+/+ 

-/- 

+/+ 

-/- 

+ 

+ 

+ 

‘•'Ms'fe 

- 

- 

m 

- 

!i^ 

m 

• 

m 

PRE (WT) :  5 ' -TCCATTTGTTCTGTACTAAGAAAAATT- 3 ' 

PRE(MT) :  ATAGCA 

Fig.  5.  Characterization  of  the  PR  in  T47D  cells  treated  with  progesterone  (A)  or  with  estrogen 
plus  progesterone  (B).  (A)  T47D  cells  cultured  in  phenol  red  free  DMEM-5%  FCS  (charcoal  stripped) 
were  transfected  either  with  a  reporter  gene  (PRE-TKCAT)  containing  three  copies  of  PRE  (TGTTCT)  (wt) 
or  three  copies  of  mutated  PRE  (ATAGCA)  (mt).  Transfected  cells  were  treated  with  (+)  or  without  (-) 

1  pM  progesterone  for  48  hr.  The  CAT  activity  from  the  PRE-TKCAT  reporter  was  elevated  as  compared 
to  that  from  the  TKCAT  reporter  when  the  cells  were  treated  with  progesterone.  A  reporter  gene  containing 
mutation  in  the  PRE,  PRE(mt)-TKCAT,  failed  to  exhibit  enhanced  CAT  activity  in  response  to 
progesterone.  (B)  Cells  were  transfected  and  grown  as  in  (A).  Transfected  cells  were  treated  for  24  hr 
with  0.1  pM  estradiol  followed  by  the  24  hr  progesterone  treatment.  Treatment  with  estradiol  followed  by 
progesterone  resulted  in  greatly  enhanced  CAT  activity  in  the  cells  transfected  with  the  PRE-TKCAT  but 
not  with  PRE  (mt)-TKCAT. 
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